Correlation, path coefficient and step-wise regression analyses were used to identify important traits that affect grain yield in bread wheat. Thirty bread wheat varieties were field tested under with (N + ) and without nitrogen (N 0 ) conditions at New Developmental Research Farm, The University of Agriculture, Peshawar-Pakistan. Experimental materials were planted in randomized complete block (RCB) design with three replications. Correlation analysis revealed significant positive association of grain yield with number of spikes m -2 , biological yield and harvest index under both production systems. For the 1000-grain weight, positive association was observed under N + condition only. Furthermore, path coefficient analysis confirmed the true relationship of harvest index, biological yield, number of spikes m -2 , and 1000-grain weight with grain yield in wheat. Similarly, step-wise regression analysis identified spikes m -2 , grains spike -1 , 1000-grain weight, harvest index and biological yield as important traits affecting grain yield in wheat under respective production system. Overall, on the basis of current statistical procedures spikes m -2 , grains spike -1 , 1000 grain weight, harvest index and biological yield needs due weightage in breeding program for further improvement in grain yield of bread wheat.
Introduction
Grain yield is a complex trait and is highly influenced by many genetic factors and environmental fluctuations. In plant breeding program, direct selection for yield as such could be misleading. A successful selection depends upon the information on the genetic variability and association of morphological and agronomic traits with grain yield reported by Kalimullah et al. [1] . Likewise, Khan et al. [2] explained that correlation analysis provides useful information about association among variables with economic yield. Generally, correlation measures the degree of association between two variables and is determined by genetic and environmental factors. The latter is mainly responsible for the correlation of traits with low heritability, such as grain yield. The genotypic correlation represents the genetic portion of the phenotypic correlation and is the only one of inheritable nature, and therefore used to orient breeding programs. Disregarding interrelationship between traits, decision made solely on correlation may not be effective because it provide limited information. But yet, information obtained through correlation can be enhanced by partitioning them into direct and indirect effects. Path coefficient analysis helps the breeder to estimate direct and indirect contribution of related traits towards economic yield [3] .
Recently, Ebrahimnejad and Rameeh [4] reported that GY was significant correlated with biological, spike weight, grain weight spike -1 , grains spike -1 , stem straw weight, spike straw weight. Likewise, Zare et al. [5] found harvest index an important yield component affecting grain yield under drought stress conditions. The present experiment was thus designed to identify traits which influence grain yield under with (N + ) and without (N 0 ) nitrogen condition that could be used as selection criterion.
Materials and methods
The present study was undertaken at New Developmental Research Farm, The University of Agriculture Peshawar, Pakistan.
Experimental material comprising of thirty wheat genotypes were evaluated under nitrogen stress (N 0 ) and non-stress (N + ) conditions (Table 1) . Experimental materials were planted in randomized complete block design with three replications under each level of nitrogen. Nitrogen stress and non-stress conditions were achieved by applying recommended nitrogen level (120 kg ha -1 ) to the non-stress plots while leaving the nitrogen stress plots without nitrogen supplements. Seed rate for each variety was 100 kg ha -1 . Sowing was done on 12 th November, 2013 and was managed uniformly throughout the growing season using recommended cultural practices. At harvest, data was recorded on days to maturity (DM), grain filling duration (GFD), flag leaf area (FLA), plant height (PH), number of spike m -2 (SPK), grain spike -1 (GSPK), 1000-grain weight (TGW), biological yield (BY), harvest index (HI) and grain yield (GY).
Statistical analyses Correlation analysis
Correlation among various yield traits were computed under both N + and N 0 conditions using computer software SPSS ver.20. Path coefficient analysis Path coefficient analysis was performed following the procedure of Khan et al. [2] . Grain yield under both N + and N 0 was kept as dependent variable and rest of the traits as independent variables.
Step-wise regression analysis
Step-wise regression analysis was done using statistical software SPSS ver. 20. Grain yield was kept as dependent variable while all other variables/traits were kept as independent variables. Table 2 shows correlation among yield components under with nitrogen and without nitrogen conditions. Correlation analysis showed that grain yield under both N + and N 0 conditions had strong positive association with number of spikes m -2 (r = 0.86** and 0.77**), biological yield (r =0.70** and 0.71**) and harvest index (r = 0.69** and 0.62**). Thousand grain weight showed positive correlation (r = 0.52**) under N + condition only. Correlation between other traits showed that days to grain filling had significant positive relationship with days to maturity (r = 0.72** and 0.78**), while number of spikes m -2 had significant positive relationship with biological yield (r = 0.67** and 0.59*) and harvest index (r = 0.51** and 0.44*) under both N + and N 0 condition. On the other hand, 1000 grain weight exhibited negative correlation with grain spike -1 (r = -0.37* and -0.60**) under both non stress and stress condition, respectively.
Results and discussions Correlation analysis
Significant positive association was observed between plant height and biological yield (r = 0.38*), number of spikes m -2 and 1000 grain weight (r = 0.35*) and 1000 grain weight with biological yield (r = 0.36*) under N + production system. Flag leaf area had significant positive and negative association with 1000 grain weight (r = 0.40*) and number of spikes m -2 (r = -0.52*) respectively, whereas biological yield showed positive correlation with days to maturity (r = 0.34*) under N 0 condition only ( Similarly, significant positive association of grain yield with plant height, grains spike -1 , grain weight spike -1 and 1000 kernels weight, whereas, significant negative relationship with days to heading [1]. Furthermore, grain yield had strong positive association with spikelet's plant -1 , tillers plant -1 and 1000-grain weight, while significant negative relationship with seeds spikelet -1 [7]. Major contributing traits to grain yield in wheat were tillers plant -1 , spikes square meter -1 , grains spike -1 , biological yieldplant -1 , harvest index and 1000 kernel weight [8].
Path coefficient analysis
Correlation coefficient usually did not give clear picture of relationship between dependent and independent variables. Therefore, path coefficient analysis was performed to estimate cause and affect relationship among subject variables (Table 3 ). Grain yield under both N + and N 0 conditions was kept as dependable variable while rest of the traits as independent variable under both production system. Genetic correlation of yield attributes was partitioned into direct and indirect effects on subject variable i.e. grain yield. Path analysis showed that biological yield (0.46***) had the highest positive direct effect on grain yield, followed by harvest index (0.45), number of spikes m -2 (0.33), grains spike -1 (0.16) and 1000 grain weight (0.12) on grain yield under N + condition. In addition, maximum positive indirect contribution via other traits on grain yield was observed highest in number of spikes m -2 (0.53), followed by 1000 grain weight (0.40), plant height (0.27), biological yield and harvest index (0.24 each) under N + condition ( Table 3) . Positive genetic correlation and direct effect of harvest index, biological yield, number of spikes m -2 , and 1000-grain weight indicated the true relationship of these traits on grain yield and could be used as direct selection criteria for improvement in wheat grain yield. Positive indirect contribution of plant height via biological yield (0.18), number of spikes m -2 and 1000 grain weight via biological yield (0.31 and 0.17) and harvest index (0.23 and 0.18), whereas biological yield and harvest index via number of spikes m -2 (0.22 and 0.17) could be used as indirect selection criteria under N + conditions. The direct, indirect and total effects on grain yield of 30 wheat genotypes under nitrogen stress condition is provided in ( Table 4 ). Under N + condition, maximum positive direct contribution was observed in biological yield and harvest index (0.70). Furthermore, maximum indirect effects was observed in number of spikes m -2 (0.75) anddays to maturity (0.12) through other traits on grain yield. In contrast, flag leaf area (-0.30) depicted maximum negative indirect effects via other traits on grain yield (Table 4 ). Positive correlation and direct effect of biological yield and harvest index indicated true association with grain yield and thus could be used as direct selection criteria for further improvement in grain yield.
Similarly 
Step wise linear regression
Step wise regression analyses under N+ and N0 conditions are presented in ( (Table 7) . Spikes m -2 , grains spike -1 , 1000-grain weight, biological yield and harvest index were found important in adding contribution to grain yield in wheat ( 
Conclusion
In the current experiment, correlation, path coefficient and step-wise regression analyses were used to identify crucial traits affecting grain yield under with and without nitrogen conditions in bread wheat. Statistical analyses applied in the current experiment identified harvest index, biological yield, spikes m -2 , grains spike -1 as major contributors towards grain yield under both N + and N 0 , while 1000grain weight under N0 condition only as evident from strong positive correlation and direct effect and thus needs due weightage in breeding program for further improvement in grain yield of bread wheat. 
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